The aim of this study was to find an optimal way of tomato drying in a tunnel type dryer, in order to achieve the lowest possible losses in nutritive value of dried tomato products. Domestic variety of tomato (SP-109) was used in this research. Drying was performed in three ways, applying five temperature regimes, as follows: cocurrent system (variant 1 at 70- . In these systems, the kinetic of changes in nutritive value of tomato fruits was monitored by measuring the content of carbohydrates, lycopene and vitamin C. Different influences of temperature regimes on nutritive value of dried tomato were observed at the level of statistical difference (LSD 0.05; 0.01) in the researched systems. Cocurrent system was statistically significant for differences in temperature modes (variant 1 and variant 2). Monitoring of the tomato drying kinetics showed that, in all variants, period of constant drying rate lasted about 3.5 h and that the total drying was the fastest in parallel cocurrent flow of non-saturated hot air and material. The content of total carbohydrates in tomato was dependent on the temperature regime of the tested drying systems. The carbohydrate content obtained in tomato samples dried at lower temperatures was higher compared to the values observed in the samples dried at higher drying temperatures. Significant losses of vitamin C were determined in all drying systems. The lycopene content under all experimental conditions generally showed a tendency to decrease slightly. Comparing its content in dry and fresh tomato fruits, the loss ranged from 4.94% to 19.98% but did not reach the significant level as the occurrence remained below 95% of cases.
INTRODUCTION
Limited lifetime and senescence of tomato fruits is a main problem in tomato marketing. In order to prolong time of tomato consummation without significant loss of product quality technological processing is applied, drying among others. The demand for tomato products is constantly increasing in the world tomato market (Verlent et al., 2006) .
The most common tomato drying system of a tunnel type are cocurrent and countercurrent hot air directing. Cocurrent system means forced movement of the heated agents in the direction of the movement of products, while in countercurrent system directions of hot agent and products are opposite. However, due to high moisture of its fruits with over 90% of water (Lavelli et al., 2013) tomato does not react well on high temperatures. The reason for this is good conduction of heat through the water, which affects the delicate nutritional matters in the product.
Drying is a process of transition of liquid to gas (Fellows, 2009 ). Moisture removal must be carried out by the procedure that is the least harmful to the quality of the product.
Drying as a method of processing keeps the desired product qualities for a longer period of time (Akanbi et al., 2006; Brooks et al., 2008) . Tomato drying is most commonly carried out to the level of moisture of 25% (semi-dried) (Muratore et al., 2008) , or to the absolute dried product (12-14% of moisture) (Sacilik et al., 2006 (Sacilik et al., , 2007 , depending on the type of product the dried tomato is being prepared for. In order to better preserve the physico-chemical traits as well as the nutritive quality of tomato during drying in a tunnel type dryer with conveyor belt, the most analysed traits are the lycopene level, dehydration index and total sugars (Mohseni and Ghavidel, 2011).
Lycopene is a carotenoid typical for tomato and experience of researchers about its lifetime after drying are different (Zanoni et al., 2000). Therefore, many studies were dedicated to the drying process and changes that occur as a result of the drying.
Most of the experimental results showed that lycopene was relatively thermo-stabile during processing, unlike vitamin C which is depredated during drying process. Toor and Savage (2006) found that the level of vitamin C in fresh tomato fruits was decreased after drying from 284 mg/100 g to 223 mg/100g. There is a standpoint that dried tomato fruits have a lower level of lycopene.
Nguyen and Schwartz (1998), Lavelli et al. (2013) proved in their researches that the lycopene level in fresh samples was from 63 mg/100g, while in dried fruits it was 54 mg/100 g. A group of authors found that the total level of lycopene was increased by drying as well as total antioxidative activity Eltoum and Babiker, 2014) . However, it would be interesting to point out that heat had positive impact on increasing the bioavailability of lycopene. The aim of this study was to find an optimal way of tomato drying in a tunnel type of dryer by using different technological drying systems which would provide minimum losses of nutrients characteristic for fresh tomato.
MATERIAL AND METHODS

Preparation of raw material
Elongated tomato variety SP-109, selected at the Institute for Vegetable Crops has been used in this study. Tomato has been grown by applying standard technology in the experimental field of the Institute.
The tomato was sown in March in a green house for seedlings, and planted on May 10 th in the open field. Standard cultivation for this technology of tomato production was used (Zdravković et al. 2012 ).
The average mass of one fruit was 70-90 g. Fruits were washed with water and cut in half, and then the halves were laid on the shelf for drying. The capacity of one shelf was about 23 kg of fresh fruits. Used dryers were tunnel type (Progres, Čačak, Serbia) with capacity of up to 300 kg of fresh vegetables.
Drying variants
Tomato fruits were dried in a tunnel type dryer with warm air flow rate of 1.2 m/s, at different temperature regimes and different air movement relative to shelf with material (details shown in Table 1 ).
Dynamics in change of humidity in fruits was recorded every 30 minutes. The samples were dried until 12-14% of moisture was reached. 
Tomato moisture determination
Free moisture contents in a sample X was calculated as:
where W is total weight of the wet material W s is the weight of the dry material.
Index of dehydration
Dehydration index is a measure of drying efficiency and represents a ratio of mass of fresh fruits before and mass after drying.
Determination of vitamin C
Sample preparation: By pressing tomato, 100 cm 3 of pale tomato juice was obtained. The juice was homogenized and mixed with equal quantity (100 cm 3 ) of mixture of HPO 3 and glacial acetic acid CH 3 COOH. Then, the mixture was filtrated through filter paper. 
Determination of lycopene
20g of tomato was extracted in 100 cm 3 of 96% C 2 H 5 OH. After 24h extractions (maceration), the sample was filtrated. The extract was evaporated till dry. Dry extract was dissolved in 10 cm 3 of mixture of acetone-hexane (ratio 4: 6) and filtrated through Whatman No.4 filter paper. Obtained extract was diluted ten times and the absorption (A) at wavelengths of 453, 505, 645 and 663 nm was measured. Spectrophotometric measurements of samples were performed by using a UV-VIS spectrophotometer MA9523-SPEKOL 211 (Iskra, Horjul, Slovenia). The level of lycopene (mg lycopene/ 100 mL extract) was calculated by applying equation of Nagata and Yamashita (1992 
Data analysis
Data of average losses of monitored bioactive compounds compared to fresh tomato were analysed with one-way analysis of variance (ANOVA) in three replications. The mean comparison was done with LSD (the lowest significant difference) test. The significance of difference was defined as P < 0.05 (Hoshmand, 1998) . Software used to analyze data was standard Microsoft Office Excel 2007.
RESULTS AND DISCUSSION
Drying kinetics
The results shown in Fig. 1 were obtained in cocurrent flow of material and air for drying at different temperatures. The differrence in temperatures of air during drying was not significant in two experiments so the drying kinetic was practically identical. In both cases, period of constant rate of drying (period of removal of surface moisture) lasted about 3.5 hours. In the period between 3.5 and 6 hours, the material was dried in falling rate regime. The samples were dried for 6 hours.
In case of countercurrent drying of material (Figure 2 ), there was a slight difference in drying intensity at different air temperatures. It is interesting that during the period of constant drying rate at lower air temperature, the material dried faster. After the period of constant drying rate (for about 3.5 h), in falling rate period, the drying kinetics with air of different temperature was practically the same and the material was completely dried after 7 hours of drying. Combined and cocurrent flow showed the same drying kinetics, while the countercurrent flow, according to drying curves, proved to be less effective.
The effectiveness of drying process in current flow was lower (required longer time) comparing to paralel system, which was indirectly related to energy consumption during drying.
However, from the aspect of nutrient preservation, this drying method exerted the best results regarding the preservation of carbohydrates and vitamin C at significant level (Tab 3), which can be attributed to lower temperature that do not cause nutrient degradation.
Drying process lasted for 6 hours. The values of dehydration index ranged from 18.08 for combined drying system to 23. The difference can refer to material, i.e. the variety used in drying process and it actually depends on dry matter content in fresh fruits before beginning of the drying process. Similar range of dehydration index was found by Mohseni & Ghavidel (2011) , when drying slices of tomato at temperatures of 65 0 C, a dehydration index of 17.7 was determined. 
Changes in nutrients during drying
There was a significant difference (p<0.01) in vitamin C losses among all investigated drying systems, comparing to its total content in fresh tomato fruits.
The vitamin C content was influenced by different methods of drying. The cocurrent system (variant 1 and 2) showed statistical difference (3.17 mg/100g for variant 1), whereas the losses were higher for variant 2 (2.76 mg/100g). Similar scenario was observed for countercurrent drying system: variants 1 and 2 were statistically different. Lower loss was observed for tomato dried according to variant 1 (48.79%) at lower temperatures. Combined way of drying proved that the loss of vitamin C was at the level of variant 2, but it was significantly different from the cocurrent drying system, at the 95% confidence interval (Table 3) .
For lycopene losses no statistical significance was observed indicating that lycopen was thermostable during the drying process. The obtained results were in accordance with researches of Zanoni et al. Our results were in accordance with Shi et al. (1999) who gave an explanation of the loss of the lycopene during air drying, which is based on the isomerization and oxidation (autoxidation) as two strong factors that influence the distribution of transand cisisomers and thereby its the biological potential. (Lavelli et al., 1999) can impact the speed and the quality of drying and the dried product. The way of preparation of tomato fruits for drying in our research was similar to that used in the work of Lavelli et al., 1999) . They found that drying process resulted in a decrease of vitamin C level, while the level of lycopene remained unchanged, as it was confirmed in this research.
Following the results of Kerkhofs et al. (2005) after fruit drying at 42 o C (48 hours), three tomato varieties had significantly decreased vitamin C and total antioxidative activities and increased lycopene level. This study was conducted in order to identify tomato varieties with the best colour and the level of nutrients after drying. However, the general conclusion was that during drying process vitamin C was lost, while the lycopene was relatively well preserved, regardless to ways of raw material preparation or drying method (dryer or sun drying). Optimal drying conditions were 60 °C, shorter time and thin slices of raw material (Correia et al., 2015) .
The level of carbohydrates changed with the temperature increase for all investigated drying modes in tunnel type dryer. As compared to fresh fruits, the highest level of carbohydrates was found for countercurrent drying (both variants). Significantly higher level of carbohydrates was found for countercurrent mode which was depended on temperature. Since the temperature was lower in this mode, the difference could be caused by loss of carbohydrates at higher temperatures in parallel and combined drying system (Table 3) . Sugar level could be lower at some drying modes comparing to fresh fruits (Bashir et al., 2014) . General conclusion was that for drying process, optimal drying temperature should be defined in order to get high quality product and best cost-effectiveness of the production process.
Lately, the method of partial drying of tomato has been used more frequently. After this process the product was vacuumed and packed in polyethylene bags. By par-tial drying, tomato kept 25% of initial water content. During different length of treatment in air-dryers at temperatures 40, 60 and 80 °C (Muratore et al., 2008 ) the level of vitamin C, lycopene and beta-carotene was studied in order to estimate losses. Losses were lower in comparison to drying up to 12-14% of moisture. For some further researches, an option of partial fruit drying should be included.
CONCLUSIONS
Nutrient losses during drying were different for different variations of hot air flow. These losses were in function of temperature oscillations, so the vitamin C was best preserved at drying temperatures below 70 o C, whether the tomato was dried in parallel or in cocurrent hot air flow.
Carbohydrates were significantly best preserved in cocurrent hot air flow compared to parallel or combined hot air flow. According to this research, the preservation of carbohydrates was in function of temperature, so the recommendation is to dry tomato at low air temperatures for longer interval.
The content and change of lycopene as thermo-stabile bioactive compound did not show any differences after drying regardless to implemented drying systems or temperature regimes.
From the aspect of preservation of bioactive components in dried tomato product, the most acceptable was cocurrent hot air flow at temperatures below 70 o C.
топлог ваздуха и материјала. Садржај угљених хидрата у узорцима парадајза који су сушени на нижим температурама био је већи у поређењу са садржајем угљених хидрата који је утвpђен у узорцима осушеним на вишим температурама сушења. На нижим температурама њихов садржај је био већи него код виших температура сушења. Значајни губици витамина Ц одређени су у свим системима сушења. Вредност ликопена у свим експерименталним условима сушења показује тенденцију благог смањења. Поредећи садржај у сувим и свежим плодовима парадајза, губитак је био од 4,94% до 19,98%, али не на значајном нивоу.
